Our previous studies have demonstrated that genetic deletion of the Muc2 gene causes colorectal cancers in mice. The current study further showed that at the early stage (,3 months) the Muc2 knockout mice spontaneously developed chronic inflammation in colon and rectum, similar pathological features as human colitis; and at the late stage (.3 months) the mice exhibited colorectal cancer, including a unique phenotype of rectal prolapsed (rectal severe inflammation and adenocarcinoma). Thus, the age of 3 months might be the key point of the transition from chronic inflammation to cancer. To determine the mechanisms of the malignant transformation, we conducted miRNA array on the colonic epithelial cells from the 3-month Muc2 2/2 and +/+ mice. MicroRNA profiling showed differential expression of miRNAs (i.e. lower or higher expression enrichments) in Muc2 2/2 mice. 15 of them were validated by quantitative PCR. Based on relevance to cytokine and cancer, 4 miRNAs (miR-138, miR-145, miR-146a, and miR-150) were validate and were found significantly downregulated in human colitis and colorectal cancer tissues. The network of the targets of these miRNAs was characterized, and interestedly, miRNA-associated cytokines were significantly increased in Muc2 2/2 mice. This is the first to reveal the importance of aberrant expression of miRNAs in dynamically transformation from chronic colitis to colitis-associated cancer. These findings shed light on revealing the mechanisms of chronic colitis malignant transformation. 
Introduction
Colorectal cancer (CRC) is the third common malignant disease and the second leading causes of cancer-related death [1] . Similar as other malignancies, genetic factors contribute a lot to CRC formation, but, only about 20% of CRC cases can be genetically attributed to familiar history [2] [3] [4] . In fact, most of sporadic CRC are strongly linked to environmental factors, by which the most often mutations in adenomatous polyposis coli (APC) tumor suppressor gene lead to destruction of Apc/GSK3b/Axin complex and activation of Wnt/b-catenin pathway [2, 5, 6 ] Aberrant activation of Wnt/b-catenin pathway not only promotes proliferation of intestinal epithelial cells but also induces their arrest as they move towards the end of the crypt and prevent shedding or apoptosis of transformed cells. The canonical ''genetic pathway to colorectal cancer'' has been well studies. The emerging mechanisms of colorectal cancer formation by environmental factors are associated with chronic inflammation, named colitis-associated colorectal cancer (CAC) [7] [8] [9] [10] With the changes of diets and lifestyle in China, CRC incidence rate increases rapidly than any other cancers in recent years [11] , and quite amount of CRC cases are linked to chronic inflammatory bowel disease (IBD). It is acceptable that CAC is preceded by clinically detectable IBD [8, 12] , such as Crohn's disease (CD) or ulcerative colitis (UC). Epidemiology and clinical studies have suggested that UC increases CAC risk by up to 18-20%, while CD by up to 8% after 30 years of active disease [13] [14] [15] . In mouse models, single injection of carcinogen azoxymethane (AOM) leads to multiple colonic tumors, only when coupled with chronic colitis induced by dextran sodium sulfate (DSS), while when inflammation is absent it takes multiple injections of AOM and longer time for tumor formation [16, 17] . These clinical and experimental observations clearly pinpoint CAC as classical inflammation-driven cancer.
However, unlike Apc/Wnt/b-catenin pathway, the mechanisms underlying colitis-associated cancer, and particularly, of colitis malignant transformation, are largely unclear, majorly due to lack of an appropriate model for dynamical investigation.
Intestinal epithelia are protected by a layer of mucin secreted by goblet cells against mechanical and chemical injuries, potent causes of inflammation, and the most abundant secreted intestinal mucin is encoded by the Muc2 gene [18] . Previous studies have shown that decreased number of goblet cells and reduced Muc2 expression is commonly observed in ulcerative colitis and colorectal carcinoma [19] . The importance of MUC2 in intestinal homeostasis is reflected by alterations of cell proliferation, migration and apoptosis in the mouse intestine upon genetic deletion of the Muc2 gene [20] , and most importantly, Muc2-deficiency mice (Muc2 2/2 mice) spontaneously develop small and large intestinal, and rectal, tumors [20] . Mechanistic studies have shown that tumorigenesis is associated with activation of chronic inflammation, and is not associated with Wnt/b-catenin signaling [20] . However, the inflammation increased intestinal tumorigenesis in Apc mutant mice by introducing Muc2 deficiency to the mice [21] , and loss of cyclin dependent kinase inhibitor p21WAF1 enhanced intestinal tumor formation in Muc2 2/2 mice [22] , Our current study further showed that Muc2 deficiency mice spontaneously develop chronic colitis at their early age (,3 moths), whose histopathology was similar to ulcerative colitis in patients. After 3 months, the Muc2 2/2 mice develop colonic and rectal tumors. Therefore, the age of 3 months might be the key point at which chronic colitis progresses to colorectal cancer, i.e. colitis malignant transformation, and the Muc2 mice could be one of the best engineered models of colitis-associated cancer to dynastically study the mechanism of malignant transformation of chronic colitis.
To reveal the molecular mechanisms of colitis malignant transformation, we isolated colonic epithelial cells from the Muc2 2/2 mice and conducted miRNA profiling. We found differential expression of miRNAs at the key point of malignant transformation. Some miRNAs were characterized in human colitis and colorectal cancer tissues. Interestingly, the downregulated miRNAs were consistent with the alterations in mice, and linked to the increases of cytokines, suggesting the epigenetic alterations may play critical roles during colitis malignant transformation.
Materials and Methods

Ethics Statement:
The animal care and use were approved by the Institutional Animal Care and Use Committee of Xinxiang Medical University and University of Illinois at Chicago, and human samples collection and use were approved by the Institutional Review Board of Xinxiang Medical University. All patients gave informed consent in written.
Muc2 Mouse Model and Pathology Characterization:
As reported previously [20] [21] [22] , the Muc2 +/2 mice were backcrossed to generate Muc2 2/2 and Muc2 +/+ mice, and 10 mice per group were fed with standard rodent chow diet for 3 months or 6 month. At the endpoints, the mice were sacrificed, entire gastrointestinal tract was opened and washed with cold PBS and fixed in 10% buffered formalin. The tissues were embedded in paraffin, sectioned and stained for histopathology characterization.
Muc2 Mouse Colonic Epithelia Cells Collection, mRNA Analysis, and miRNA Profiling:
Using the published protocol by us [23] [24] [25] , mouse colonic epithelial cells were collected from 3-month aged Muc2 +/+ and Muc2 2/2 mice, respectively. Four mice from each group were used. The total RNAs were extracted using Trizol reagent (Invitrogen, Carlsbad, CA) for cytokine mRNA analysis and miRNA array analysis. The quality and quantity of the RNA was determined using Bioanalyzer and Gel electrophoresis. Cytokine mRNA levels were analyzed using q-RT-PCR. The primers used for mouse cytokine analysis were listed in Table S1 .
The miRNA array was performed in the Genomic Facility of University of Chicago (Chicago, Illinois). Affymetrix GeneChip miRNA Arrays version 3.0 was used for miRNA profile. In brief, 200 ng of total RNA were labeled using FlashTag Biotin HSR Labeling Kit according manufacturer's protocol (Affymatrix), and about 130 ul of Affymatrix hybridization cocktail buffer (FS450-002) were used for about 18 hours according to the protocol (Affymatrix). The array was then scanned using Affymatrix GeneChip Scanner 3000. The raw data was processed with Expression Console 1.2.0.20, data value was defined using Log Expression Signal -RMA-DABG. The miRNAs with a fold change .2.0 or ,0.5 and a t-test value ,0.01 were selected as differentially expressed miRNAs. The detailed experimental design, detailed protocol and data analysis could be accessed at Gene Expression Omnibus (GEO) (Access # GSE56577).
Mouse miRNA Validation using quantitative Reverse Transcription Polymerase Chain Reaction (qRT-PCR):
Based on the degrees of changed miRNA levels from the miRNA array profile, 6 of the most upregulated and 9 of the most downregulated miRNAs were validated using qRT-PCR. The reverse transcription (RT) primers and forward primers and probes used for the miRNA validation were listed in Table S2 . The universal Taqman probe and universal reverse primer for qRT-PCR were purchased from Integrated DNA Technologies (IDT) ( Table S2) .
Total RNA from mouse colonic epithelia was polyadenylated with Poly(A) Polymerase Tailing Kit (Epicentre). Briefly, 10 ml of reaction including 1 mg of RNA, 1 ml of 10x reaction buffer, 1 ml of 10 mM ATP and 1 unit of Poly(A) polymerase was incubated at 37uC for 30 minutes, followed by enzyme inactivation at 65uC for 5 min and then put on ice. After polyadenylation, reverse transcription was performed in a 10 ml reaction containing 1 ml of the polyadenylation reaction product, 1 ml of 0.5 mM RT primer, 0.5 ml of 10 mM dNTP, 1 ml of AMV 10x reaction buffer, and 50 units of AMV High Performance Reverse Transcriptase (Promega, Madison, WI). The reaction was incubated at 42uC for 60 min, and then terminated by heating at 70uC for 10 min. RT products were amplified and detected using a S-Poly(T) method, as reported by us [26] . A 20 ml PCR reaction contains 2 ml of RT products (4-fold dilution), 10 ml of 2x GoTaqH Hot Start Colorless Master Mix (Promega, Madison, WI), 0.2 mM forward primer, 0.2 mM universal reverse primer, and 0.25 mM universal Taqman probe. The PCR reaction was performed at 95uC for 30 s, followed by 40 cycles of 95uC for 10 s and 60uC for 30 s. The qRT-PCR results were analyzed as reported by us [27] [28] [29] . The snoRNA202 was used as internal control.
Human Samples Collection:
Sixteen paires of human colorectal cancer tissues, colitis tissues, and their adjacent normal colon mucosa, were collected from November, 2012 through October, 2013, from the First Affiliated Hospital and the Affiliated Xinxiang Central Hospital, Xinxiang Medical University. Portion of the samples were snapped into liquid nitrogen and then stored at 280uC for RNA extraction and for qRT-PCR analysis. All patients gave informed consent in written. The sample collection and use was approved by the Institutional Review Board of Xinxiang Medical University.
RNA extraction and qRT-PCR for mRNA analysis for human samples were similar as described above for the analysis in mouse colonic epithelial cells. The primers and probes used for miRNA analysis were listed Table S2 . SNORD 44 was used as internal control.
miRNA Targets Identification, Biological Functions Categorization, and Network Analysis:
To identify the targets of the miRNAs, we used online softwareDavid (http://david.abcc.ncifcrf.gov/) and a predicted list of conserved miRNA target genes obtained from targetscan (http:// www.targetscan.org/), starBase (http://starbase.sysu.edu.cn/), Tarbase (http://microrna.gr/tarbase/), and miRbase (http:// mirbase.org/index.shtml). The biological functions of the miRNAs were categorized by Gene Oncology (GO). Potent targets network and signaling were proposed using KEGG (http://www.kegg.jp) and Ensembl (http://www.ensembl.org) web tools.
Results
Histopathology of the Muc2 Mouse Model of Colitisassociated Cancer:
Previous work have demonstrated that targeted gene knockout of the Muc2 gene caused tumor formation in entire gastrointestinal tract, including duodenum, colon and rectum [20] , and the Muc2 2/2 mice are susceptible to DSS-induced inflammatory bowl diseases [30] . In this study, we found that at 3 months or earlier, the Muc2 2/2 mice spontaneously developed chronic inflammation in colon and rectum, accompanying with a few tumors in these sites ( Figure 1 ). As shown in Figure 1A , the colon mucosa lacked of goblet cells and exhibited the features of ulcerative colitis, such as superficial erosion and intensive infiltrations of inflammatory cells throughout the mucosa, submucosa and even muscle layer of the colon, which was similar as observed in human ulcerative colitis. The chronic colitis was accompanied by an adenoma. At the age of 6 months, Muc2 2/2 mice developed tumors at colon and rectum, as reported [20] , but severe inflammation was still observed in intra-tumors and extra-tumors ( Figure 1B) . A unique phenotype was that Muc2 2/2 mice developed rectal prolapses ( Figure 1C ) that has never been reported previously. Histopathologically, the prolapse was adenocarcinoma with severe inflammation at the rectums ( Figure 1D ), displaying superficial erosion, inflammatory cells infiltration and cancer cell invasion. In addition, the severity of inflammatory cell infiltration was associated with the severity of rectal prolase, but was not associated with cancer cell invasion and differentiation in the rectum (data not shown).
miRNA Profiling Revealed Differential Expression of miRNA in Muc2 2/2 Mice
Recent studies have suggested the important roles of miRNAs in carcinogenesis. To investigate whether aberrant expression of miRNAs are involved in colitis malignant transformation, we isolated the colonic epithelial cells from 3-month old mice (4 Muc2 2/2 mice and 4 Muc2 +/+ mice) and conducted miRNA profiling. It is known that the interaction between stromal and epithelial cells plays important role in driving colitis-associated colorectal cancer (CAC). Muc2 was overexpressed in colonic epithelial cells, and genetic deficiency of this gene is sufficient to cause colitis and colorectal cancer, exerting the importance of Muc2 in the development of colitis and CAC. To determine the roles of aberrantly expressed miRNAs resulted from Muc2 absence in initiating colitis and facilitating colorectal cancer transformation, we used colonic epithelial cells instead of stromal cells or entire colon tissues for miRNA array. MiRNA profiling analysis showed differential levels of miRNAs, among them 20 miRNAs were significantly downregulated and 71 miRNAs were significantly upregulated (Table 1) Table S3 and Table S4 , most of the miRNAs have been reported to regulate their targets and play critical roles in cancer initiation, progression and metastasis, in different tissues and cells. While, biological functions of some miRNAs are not clear and warrant further investigation.
Mouse miRNAs Validation by qRT-PCR:
To evaluate the accuracy of the profiled miRNAs alteration in mouse colonic epithelial cells, we selected 15 most relevant miRNAs for validation using qRT-PCR. The 6 upregulated miRNAs (mmu-miR-5132-5p, mmu-miR-3104-5p, mmu-miR669c-5p, mmu-miR-705, mmu-miR-760-3p, mmu-miR-1962) and the 9 downregulated miRNAs (mmu-miR-146a, mmu-miR-138, mmu-miR-5123, mmu-miR-196b, mmu-miR-5099, mmumiR-150, mmu-miR-145, mmu-miR-27a, mmu-miR-23a) chosen for validation were also based on their target genes predicted, whose functions are well relevant to inflammation and cancer. As shown in Figure 2 , the changes of miRNA assayed by qRT-PCR were consistent with the changes profiled by miRNA array analysis. To determine whether the aberrantly expressed miRNAs have clinical significance, we chose 4 miRNAs for analysis in human colorectal cancer and colitis tissues. As shown in Figure 3 , in overall, the expression level of miR-138, miR-145, miR-146a and miR-150 were downregulated by approximately 3.37, 3.39, 2.56 and 4.99 fold in colorectal cancers than those in the matched adjacent normal mucosa (p,0.0001). Among them, all the 16 colorectal cancers showed downregulated miR-138 and miR-150 levels ( Figures 3A and 3D) , and 15 out of the 16 colorectal cancers showed lower miR-145 and miR-146a expression levels than normal control ( Figures 3B and 3C ). Only one patient (Sample 6) showed upregulation of miR-145, but the upregulation was not significant ( Figure 3B , p.0.05). Interestingly, the downregulation of these miRNAs were also observed in human chronic colitis tissues (Figures 4, p,0 .0001, compared to the normal mucosa). Although the observations were obtained from small sized samples, the trends of significant downregulation of miRNAs (miR-138, 145, 146a and miR-150) strongly suggested their clinical importance of linkage to chronic colitis and colitisassociated colorectal cancer, indirectly indicating their potential biological functions of involving in colitis malignant transformation. In fact, the functions of these miRNAs on tumor suppression are being under investigation using manipulated cell culture system in vitro and tumor-bearing nude mice in vivo.
miRNA Target Network Characterization:
Since the changed miRNAs had great significance in Muc2 2/2 mice and human colitis malignant transformation, and the selected miRNA showed downregulation in colitis and colorectal cancers, we next elucidated whether there were any common targets of these miRNAs. Unfortunately, no common inflammation-and cancer-associated targets for all of the 4 miRNAs (miR-138, 145, 146a and miR-150) were identified using miRNA target prediction tools. However, we did find some common targets of any 3 or 2 of the 4 miRNAs. As shown in Figure 5 and Table 2 , there were 21, 13 and 25 common targets between miR-138 and miR-145, miR146a and miR-150, respectively; there were 16 and 15 common between miR-145 and miR-146a and miR-150, respectively; and there were 7 common targets between miR-146a and miR-150. Please be noted that CCT3 and PAPPA were the common targets for miR-138, miR-146a and miR-150, and ZHX2 was the common target for miR-138, miR-145 and miR-150. Interestingly, most of these targets are oncogenes. GO term annotation
showed that all the targets are involved in cellular physiological process and metabolism, and the regulation of cellular process and regulation of physiological process are the most significantly enriched GO terms. Thus, any dysregulation of these miRNAs and their targets might be sufficient to cause initiation of inflammation and chronic inflammation malignant transformation, studies on any common targets of two or more miRNAs in carcinogenesis is more significant than any targets of a single miRNA.
Cytokines in Muc2
2/2 Mouse Colonic Epithelial Cells were Up-regulated:
To validate the accuracy of the analysis of the miRNA and their association with cytokine mRNAs, the later are frequently seen in colitis-associated cancer, we determine the alterations of cytokine in mouse colon. As shown in Figure 6 , compared to Muc2
2/2 mice showed significant upregulation of cytokines (e.g. IL-6, Cox2, TNF-a, and IL-1b, etc) in colonic epithelial cells from the normal appearing colon mucosa (p,0.01).
Discussion
The current study further characterized a colitis-associated colorectal cancer (CAC) model of Muc2 2/2 mice, providing direct evidence that chronic inflammation in colon and rectum could be malignantly transformed, and revealing the potent mechanisms, that was that aberrant miRNA expression in colonic epithelial cells were involved in and might play critical roles during the malignant transformation of chronic colitis by interfering target genes.
Numerous evidence-based studies have demonstrated that chronic colitis is one of the important causes of colorectal cancer, but the underlying mechanisms are not clear, one of the major reasons is lack of spontaneous colitis and colitis-associated colorectal cancer model. Currently, a variety of genetically engineered animal models are available and are very useful for better understanding of the molecular mechanisms underlying the pathogenesis of CAC [31] , but pathological features of these models have not been dynamically characterized. The present study characterized the Muc2 mouse model. The Muc2 2/2 mice spontaneously develop chronic inflammation in colon and rectum at early stage (,3 months), and after 3 months, the chronic inflammation progress to colorectal cancer. Most importantly, the pathologic features of the chronic inflammation at colon and rectum were similar as human ulcerative colitis, and the aberrantly expressed miRNAs involved in Muc2 2/2 mouse colitis malignant transformation were observed in human colitis and colorectal cancer tissues. Another unique feature was the rectal prolapsesrectal cancer with severe inflammation. Therefore, the Muc2 2/2 mouse could be the appropriate rodent model of CAC, and could be used as one of the best tools to elucidate the cause of CAC and the underlying molecular mechanisms. The Muc2 2/2 mouse could also be used as a mouse model for chemoprevention and therapy for colitis-associated colorectal cancer. miRNAs have 19-22 nucleotides, are a novel class of small noncoding RNAs that suppress the translation and stability of messenger RNAs (mRNAs) by binding to target mRNAs' 39-untranslated regions (39-UTR) [32] , miRNAs have important biological and pathophysical functions of involving in development, cell proliferation, differentiation, apoptosis, inflammation and stress response [33] [34] [35] . Increasing evidences have suggested that miRNAs are downregulated or upregulated in cancers, acting as tumor suppressors or oncogenes [33, 35, 36] , in which the miRNAs play critical roles in tumorigenesis, differentiation, progression (e.g. migration, invasion, angiogenesis, and metastasis) +/+ mice. Four mice at age of 3 months from each genotype group were sacrificed and colonic epithelial cells were isolated for RNA extraction and qRT-PCR analysis. The columns stood for Mean+/2SD. doi:10.1371/journal.pone.0099132.g002 [35] [36] [37] , mainly by interfering with the expression of target genes. Using a miRNA array, we have profiled differential expression of miRNAs in colonic epithelial cells from the Muc2 2/2 mice, and these miRNAs are either upregulated as oncogenes or downregulated as tumor suppressors by targeting the genes at the categories of metabolism, cell cycle, differentiation, cell death, DNA replication, homeostasis, signal transduction, response to stimulation, and inflammation, etc. Among the markedly changed miRNAs, the downregulated miRNAs, miR-138, 145, 146a and 150, were validated in both mouse and human tissues, particularly, in human colitis and colorectal cancer tissues, suggesting suppressing roles of miR-138, 145, 146a and 150 in colitis malignant transition via interacting with cytokines and inflammatory factors.
Previous studies have demonstrated tumor suppressor roles of miR-138 in cancer biology. miR-138 inhibited cancer cell growth and tumorigenesis in non-small cell lung cancer and nasopharyngeal cancer by targeting 3-phosphoinositide-dependent protein kinase-1 (PDK1) and CCND1 [38] [39] [40] . In colorectal and ovarian cancers, miR-138 suppressed cancer cell migration and metastasis through interfered with TWIST2, SOX4 and HIF1-a [39, 41] . Most recent studies reported that downregulated miR-138 sustained inflammatory factor NF-kB activation and promoted Table 2 . Predicted common targets of 2 miRNAs (Names in bold are the common targets for at least 3 miRNAs). esophageal cancer progression [42] , and that miR-138 response to pro-inflammatory cytokines depends on the stabilization of HIF1-a in primary human microvascular endothelial cells [43] . miR-145 is also a tumor suppressor gene. miR145 could target the SOX9/ ADAM17 axis and inhibit tumor-initiating cells and IL-6-mediated paracrine effects in head and neck cancer [44] . Moreover, microRNA-145 induces apoptosis with the induction of tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) expression, targeted oncogene socs7 and regulated interferon-b induction through STAT3 nuclear translocation in bladder cancer cells [45] . Recent studies have reported that TRAIL suppresses chemokine (C-X-C motif) receptor 4 (CXCR4) -mediated human breast cancer cell migration by up-regulating miR-146a expression through NF-kB signaling [46] , and that miR-146 regulates epigenetic regulator UHRF1 and modulates gastric cancer invasion and metastasis [47] , showing the important roles of miR-146 in inhibiting cancer metastasis by interfering chemokine and epigenetic regulator. As to miR-150, quite a lot of reports have demonstrated its tumor inhibitory function [48] [49] [50] [51] . While, that miR-150 interacts with cytokines in lymphocyte differentiation and in inflammation has been studied. For instance, in cytotoxic T lymphocytes (CTL), IL-2R and inflammatory signals act through Dicer and miRNAs to control the cytolytic program and CTL differentiation, in which miR-139 and miR-150 are downregulated by inflammation in CTLs, and miR-150 regulates the expression of the IL-2 receptor a-chain (CD25) [52] . In addition, IFN-c production is significantly increased in the miR-150 knockout mice [53] . Back to our findings, that were, cytokines were significantly increased ( Figure 6 ) and miR-138, 145, 146a and miR-150 were significantly decreased in Muc2 2/2 mouse colon and human colitis and colorectal cancer, incorporating with the published observations, strongly support our hypothesis that the cytokine-associated miRNAs, miR-138, 145, 146a and miR-150, play important roles in chronic colitis malignant transformation through interfering with cytokines and inflammatory factors. However, similar as the changes of cytokines as a consequence of colitis in mouse colon, the changes of the miRNAs could also be a consequence chronic colitis and CAC in human colon tissues. It could be possible, but the preliminary data from our ongoing functional studies using manipulated cell culture systems and in vivo nude mouse model have shown individual or synergistical potential of these miRNA (Bao and Yang, unpublished data), confirming tumor suppressing functions of these miRNAs. In addition, the potent resources of the altered miRNAs in human colitis and CRC tissues are not clear and need further investigation, the restults generated from which could clarify the functions cause or effect of these miRNAs in the development of colitis and colorectal cancer.
Our study further identified some common targets of the miR-138, 145, 146a and miR-150 (Table 2 and Figure 5 ), such as PAPPA (pregnancy-associated plasma protein A), CCT3 (chaperonin containing TCP1, subunit 3) and ZHX2 (zinc fingers and homeoboxes 2), which were the common targets of three miRNAs. These three targets have been reported to be overexpressed in embryonic cells and stem cells, and exert oncogenic functions during cell process and proliferation [54] [55] [56] , which could play synergistic roles with miRNA-regulated cytokine activation to initiate colorectal cancer formation and facilitate colorectal cancer progression. These targets' expression levels in normal mucosa, colitis and colorectal cancer tissues are not clear, and their biological functions in cancer, are not clear and under investigation. Moreover, it is worthy to point out that tumor formation and progression are controlled by a complex not by a single element, thus, studying on multiple miRNAs and multiple targets, especially on common targets of multiple miRNAs, instead of studying on a single target or single miRNA, are more important, to reveal the causes of cancers and the molecular mechanisms.
Taken above, we have characterized a colitis-associated colorectal cancer model, and revealed the underlying mechanisms that aberrant expressed miRNAs targets cytokines and downstream genes to facilitate colitis malignant transformation. This is the first to reveal the importance of aberrant expression of miRNAs in dynamically transformation from chronic colitis to colitis-associated cancer. These findings shed light on revealing the mechanisms of chronic colitis malignant transformation. 
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